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1 
This invention relates to current stabilizers and 
more particularly to stabilizers for maintaining 
substantially constant a direct current despite 
changes in voltage from the source or changes in 
the impedance of a direct current load. 5 
Various types of direct current stabilizers have 
been proposed using a regulating electron dis- 
charge device in the supply circuit for regulating 
the current supplied to a load. These may consist 
of a degenerative circuit in which a degenerative 10 
feedback is effected to control the bias on the 
regulating tube, a mu-balance circuit in which a 
balance voltage is fed to the grid of the regulating 
tube over an inverter amplifier having amplifica- 
tion factor of mu ïrom a voltage divider bridged 15 
across the regulating device, or a combination of 
both. 
The combination mu-balance, degenerative sys- 
rem generally exhibits a closer regulation than 
either of the other types. Such a circuit consists 20 
of a regulator tube having a cathode resistor con- 
nected fo output terminals for application be- 
tween a direct current source and a load. Across 
the regulator tube is provided a potentiometer, 
an intermediate point of hich is coupled fo the 25 
grid of an amplifier-inverter tube. The anode 
of this amplifier tube is coupled fo the grid of the 
regulator tube over a neon or glow tube, which in 
turn bas ifs cathode connected to the lower ter- 
minal of the cathode resistor. The cathode of 0 
the amplifier tube is coupled tl]rough a second 
glow tube to this lower terminal fo serve as a 
source of reference voltage for the amplifier tube. 
In this case the cathode resistor is used as the 
source of comparison voltage. 
Thus the standard reference voltage will be 
compared with a lower voltage for application fo 
the amplifier tube. Moreover this shunt current 
serves to preserve properly high operating poten- 
tial for the shunted connected electron discharge 0 
device. 
The electron discharge devici connected across 
the regulator cathode resistor is supplied with 
a variable grid bias circuit to control the current 
flow and thus adjust the magnitude of the forer- 
once voltage. As the potential of the regulator 
cathode resistor is relatively high while the po- 
tential at the cathode resistor of that device con- 
nected thereacross is relatively low, a voltage re- 
ducing divider consisting of a glow tube and series 5O 
resistor preferably is connected across the regu- 
lator cathode resistor. Voltage drop across the 
glow tube diffirs from the drop in the regulator 
cathode resistor by an amount equal fo the bias 
desired for the amplifier tube. 5 
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The shunt potentiometer and. amplifier tube. 
serves as the mu-balance regulator, while the 
cathode resistor and return grid circuit furnish 
te degenerator reg.ulator control. 
In accordance with a feature of  out invention. 
a combined mu-balance, degenerative circuit of 
the type described above is provided with- 
electron discharge device and cathode resistor 
connected across the cathode resistor of the regu- 
lator electron discharge device, the cathode re- 
sistor of the first electron, discharge device serv- 
ing as the reference voltage source connected-fo 
the inverter-amplifier tube of the mu-balance 
circuit. 
It bas been found that a regulator or stabilizer 
as described above bas certain undesirable ea- 
tures. A glow tube serving as a voltage reference 
is not stable when operation is initiated and the 
circuit may tend to stabilize at a current value 
other than that desired. Moreover, the glow tube 
reference source is of a high impedance which is 
less desirable rom an operating standpoint. 
It is an object of our invention to pzovide a 
combination mu-bridge, degenerative current 
regulator,, wherein an electron discharge device 
is provided with a cathode resistor serving as a 
reference voltage standard. 
The above-mentioned and other features and 
objects of this invention and the manner o 
taining them will become more apparent and the 
invention itself will be best understood by refer- 
once to the following description of an embodir 
ment of the invention taken in con]unction with 
the accompanylng drawings, in which: 
Fig. 1 ïs a schematic circuit diagram of a simpli- 
fied circuit imbodying out invention. 
Fig. 2 is a schematic circuit diagram of an 
embodiment of out invention as used on an oper- 
ating system and, 
Fig. 3 is a modification of Fig. 2 to be substituted 
for the portions to the left of line 
Turning first fo Fig. 1, the current stabilizer 
includes a current regu!ator tube  having an 
anode 2, grid 3 and cathode 4, and provided with 
a relatively high resistanci cathode risistor  and, 
if desired, a plate load resistor 6. The series 
circuit comprising resistor , tube  and cathode 
resistor 5 is connected to terminals  and  which 
may be coupled in siriis with a D. C. source 
nd a load {}. Bridged across tube  is a poten- 
tiometer comprised of resistors  . The junction 
point between these resistors is connected through 
the coupling resisor 2 to grid 4 of amplifier- 
invertor tube 1.3 provided with an anode  and 
cathode  . The anode   may be coupled through 
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a load resistor 11 fo the positive supply terminal 
and the anode output applied through a coupling 
resistor 19 te grid 3 oî tube . This tube 3 
serres te apply the control voltage fo regulator 
tube  in accordance with changes in the current 
producing voltage drop h cathode resistor 5. In 
order that tube 3 may properly regulate the 
current fiow over a fixed standard the cathode 
6 oï tube 3 is coupled across a cathode resistor 
9 of a constant voltage supply tube 2ff. Tube 2 
together with ifs cathode resistor 9 is coupled 
across resistor 5. Grid 21 of tube 20 is provided 
with an adjustable bias by means of potentiom- 
eter ïesistor 22 and adjustable potentiometer 
slider 23. A high frequency bypass condenser 24 
is provided fo bypass any undesired alternating 
current comportent that may be present. It will 
be evident that through the cathode resistor 19 
there is a large negative feedback across tube 2Q 
and that this large negative feedback current 
through the tube, and consequently the voltage 
across resistor  9, is maintained substantially con- 
stant. Thus cathode 6 oï tube l0 is tied fo a 
very stable constant voltage position. The volt- 
age supplied fo the grid of tube 3 will be deter- 
mined by the potential difference between the 
drop in 9 and in resistor 5. Since potential 
across resistor 9 is low and whereas potentia] 
across resistor 5 is relatively high if is, therefore, 
desh'able to subtract substantially from the po- 
tential of resistor 5 a relative!y fixed amount so 
that the voltage variation ai 5 will be compared 
with a potential of comparable magnitude. To 
accomplish this a voltage divider comprising a 
glow tube 25 and resistor 2 is coupled across 
resistor 5 and across tube 2 and resistor 9. Tl]e 
tube 25 will serve fo subtract substantially a fixed 
amount from the voltage drop normally present 
in resistor 5 so that the comparison voltage ap- 
plied fo tube 13 will be substantial!y the difference 
in voltage between the standard from resistor !8 
and the voltage drop in resistor 23. 
It will thus be evident that the balance circuit 
comprising potentiometer  in tube . and as- 
sociated ch'cuits will normal!y serve to contro! the 
voltage supplied fo grid 3 of regu]ator tube i so 
that the current output ïrom source 9 to load  
is substantial]y constant. However, when com- 
parative]y large departuïes in the voltage from 
source 9 or in the impedance of load  occur 
degenerative action on tube  due fo the resistor 
5 in ifs common anode-cathode-grid path, will 
a]so serve fo provide a regulating function. 
Detailed explanation of the operation of the 
combination mu-balance, degenerative generator 
is hot offered herein since if has ah'eady been quite 
fu]ly descïibed in the literature. !t will be under- 
stood however that in the circuit in accordance 
with out invention an extremely stable reference 
voltage is obtained by the use of tube 2' and re- 
sisor 9 which bas hot been provided in the 
known prior art structures. Fuïthermore, cath- 
ode resistor 9 pïovides a !ow impedance voltage 
source which has desirable îeatures in operation 
of the circuit. 
In Fig. 2 is shown a schematic diagram of a 
voltage stabiliser constïucted utilising the prin- 
ciples of out invention. This circuit is essentially 
equivalent fo that shown in Fig. 1 and is adapted 
fo be inseïted as a two terminal network in series 
with a source 9 and  ,3 as in the case of the circuit 
of Fig. I. In this circuit however the triode  has 
been replaced by two tetrodes 21, 28 each con- 
nected to the positive supply terminal through 
toad resistors 28, . The screen grid and anode 
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are connected together so that the tubes operate 
substantially as triodes. Two tubes are used in 
parallel fo carry the higher current. A common 
cathode resistor 31 is provided for the triodes 21, 
5 28 which is connected fo terminal  for coup]ing 
fo the power supply negative terminal. 
The amplifier tube 32 is shown as a pentode 
tube having its control grid coupled to an inter- 
mediate peint on the potential divider compris- 
I0 ing a resistor ?3, a regu!ating potentiometer  
and glow tube 3. G]ow tube 35 is included in the 
potential divider coupled across tubes 21 and 28 
in this instance in series with resistor 31 across 
the resistors 31 in the saine manner as 2 and 
15 2 are connected in Fig. I. Potentiometer 34 is 
included so that the amplification of pentode 32 
may be adjusted fo provide the propeï mu-bal- 
ance division of the voltage. The standard ref- 
erence supply tube 38 consists of a double triode 
2o in this Lnstance hav-;mg ifs cathode coupled fo the 
lower end of resistor  through cathode resistor 
3 and is provided with an ampiifying contro] p- 
tentiometer consisting of resistor 22 and slider 
23 shunted by a condenser 2 as in Fig. i. The 
25 anode potentia! in tube 3.9 and the screen grid 
potential in regu!ator tube 32 are derived from 
the saine source. 
ïn an actual constructed examp]e the regula- 
for tubes 27 and 28 were of the type known as 
30 CAB and the ientode was of the type known as 
CSJ7 while tube 33 was of the type known as 6J6 
and glow tube 3. oï the type known as OB2. 
Cathode resistor 3! was of 2 kitohms, the resistor 
33--1 megohm, poentiometer 3,--5 kilohms, re- 
3.5 sistor 3--4ï00 oloEms, cathode resisor 30--5 kil- 
ohms. ïhe anode toad resistor 8 and 30 were of 
47 ohms each, whi!e the anode resistor for pen- 
rode 82 was 1.5 megohms. With this circuit ar- 
rangement the regulator was fond to operate 
40 with a,, voltage supply varied circuit 1350 o 1650 
votts supp]ying 100 millampere current to toad  
which was stable within plus and minus 30 micro- 
amperes. Fuïtherrnore, .he reeuiatoï produced 
only a 500 volt drop in the complete supply cir- 
5 cuit whereas other regulators tested produced be- 
tween 700 and !400 vo!fs drop in a similar cil-- 
cuit. 
Since  
e ïnagnitude oî the current is con- 
trolled by variations lu voltage on the grid of 
oo tube 8 an audio frequency modulation can be 
supptied fo the load as shown in Fig. 3. This 
may be accomp!ished by inserting i] t, he control 
2rid lead of tube S8 an audio modulating source 
such as a carbon microphone 4. V/ith this ar- 
55 rangement the fïoEquency response of the system 
is round fo be substantiatly constant between 50 
cycles per second and 25 kitocycles and at 100 
milliamperes D. C. with two thirds milliamperes 
. M. S. value of input value. The distortion in 
60 this ïno«]ulator is --4 to --51 decibels in the 
range betv«een 50 cycles per second and 15 kilo- 
cycles, in this system onty che gaseous discharge 
ïegu!atoï tube such as S or 2[ is used and tloEis 
tube ms, y be operated in its most stable condi- 
65 tion. As a consequence the reulator bas been 
round îo pïovide extremely stable current regula- 
tion. 
%Vhile we have described above the prh]ciples of 
out invention in connection with sp¢cific appara- 
V0 tus, itis t.o be clearly undersood that this de- 
scription is matie on]y by v/ay of example and 
hot as a limitation fo the scope of out invention. 
V/e clim: 
I. A curren regulator comprising a first elec- 
ï5 tron diseharge device and a resistor for comoEec- 
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tion in series with a direct current source and a 
load, whereby a predetermined voltage drop will 
be produced in said electron discharge device, a 
second e!ectron discharge device for amplifying a 
portion of said voltage drop and applying it to 
said device fo regulate current flow therein, a 
sabil%ing voltage comparison source compris- 
ing a thfid electron discharge device and a series 
cathode resistor connected in series and across 
said first named resistor and means ïor connect- 
ing said second device in series with said cathode 
resistor to provide a comparison voltage for said 
second electron dischaïge device. 
2. In a regu!ator including a ïegulating tube 
having anode, cathode and grid electrodes, and a 
resistor in series with said cathode electrode for 
connection in series with a source of current and 
a load, a potential dividing network coupled be- 
tween said anode and cathode electrodes, and an 
amplifying tube having an anode, a cathode and 
a grid, means for coupling said anode to the grid 
electrode oï said regulating tube, and means for 
coupling an intermediate point of said potential 
dividing network to said grid of said amplifying 
tube; a circuit for providing a standard reference 
voltage for said regulator, comprising an electron 
discharge device and a cathode resistor in series 
coupled across said flrst named resistor whereby 
a substantially constant voltage is developed 
across said cathode resistor, and means coupling 
the cathode of said amplifying tube fo the junc- 
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tion between said cathode resistor and said elec= 
tron discharge device. 
3. A current regulator according fo claire 2, 
further comprising a gas discharge tube having 
5 a substantially constant voltage drop forming a 
portion of said voltage divider adjacent said cath- 
ode electrode. 
4. A current regulator according to claire 3, 
wherein said amplifier tube is a pentode further 
l0 comprising means for connecting the screen grid 
of said pentode to said cathode electrode of said 
regulating tube. 
5. A current regulator according to claire 2, 
wherein said electron discharge device includes a 
15 grid, further comprising means coupled to said 
grid variably to control the bias thereof to adjust 
the drop through said cathode resistor. 
HEYWARD A. FRENCH. 
LEO STASCHOVER. 
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